Despite the fact that in mild-to moderate acne vulgaris the standard first-line therapy is the topical treatment with fixed combinations of antimicrobial agents and retinoids, the skin type and the skin barrier function should be taken into account when formulating a topical product. The aim of this study was the comparison of three new semisolid formulations developed for topical application by evaluation of their rheological behavior, as well as the evaluation of in vitro percutaneous diffusion through human epidermis membrane of the pharmaceutical ingredients. Clindamycin phosphate and adapalene were incorporated in three different topical bases, an HPLC method for the determination of their content in the new formulations being developed and validated. A higher concentration of drugs was released from the two gel systems (hydroxypropylmethylcellulose 2.5% -F1 and hydroxyethylcellulose 3% -F2) than from the oil-in-water cream (F3) at pH 7.4, whereas at pH 5.5 the drugs were released in higher amounts from the formulation F3. Following the rheological behavoir associated with the penetrability through the human epidermis membrane, our study results suggest that F1 and F2 could be appropriate in treating acne lesions in patients with oily skin and unaffected skin barrier function. In contrast, the oil-in-water cream (F3), due to its possible emolient effect and its higher penetrability at pH 5.5 than gel vehicles, may be indicated for patients with dry and sensitive skin associated with an altered skin barrier.
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Keywords: clindamycin phosphate, adapalene, glycolic acid, topical preparation, percutaneous diffusion Topical therapy consisting of an antimicrobial agent and a retinoid is considered the first-line treatment in mild to moderate papulopustular acne, according with Global Alliance to Improve Outcomes in Acne guidelines [1] . It should be taken into account the increasing need to consider the skin condition and environmental factors when selecting medicated or non-medicated dermatological product. In acne vulgaris the patients could present either an oily skin characterized by an alkaline pH and uneffected skin barrier, or a dry, sensitive skin with a pH lower than 5.5 and impaired skin barrier function. Taking into account these issues, the topical therapeutic approach should be carried out according to the specifically skin condition of the patient. On the other hand, the type of formulation base used to prepare a topical dermatologic product has a great influence on its effectiveness, drug release on the target site, as well as on the product's tolerability. In the topical treatment of acne, the combinated therapy proved to be more efficient than monotherapy, either with antimicrobial agent or retinoid. As an antibiotic with anti-inflammatory properties, Clindamycin phosphate is clinically used for skin and soft tissue infections, showing greater antibacterial activity, permeability, biological availability and lower incidence of side effects than clindamycin [2, 3] . Adapalene is a third generation topical retinoid [2,4,5], which inhibits keratinocyte differentiation and proliferation showing comedolytic and exfoliating effects and in addition, some anti-inflammatory effects, unlike to other topical retinoids. Because of the highly lipophilic properties (logP: 8.6), its percutaneous penetration is very low and thus, the systemic absorption has found of being minimal [6] [7] [8] . In 2007, Jain et al suggested that topical pretreatment with adapalene gel significantly increases the in vitro and in vivo follicular penetration of clindamycin phosphate [9] . Glycolic acid is an alpha hydroxyacid widely used in cosmetic formulations * email: nicoleta.todoran@umftgm.ro; Phone: 0746533146 as an enhancer of drug permeation in order to improve the drugs penetration. Besides this, glycolic acid has its own effect in acne vulgaris, reducing the follicular keratinisation by diminishing the corneocyte cohesion in horny layer of the skin [10] .
The purpose of this study was the comparison of three new semisolid formulations developed for topical application, each containing a combination of 1% clindamycin phosphate (CLD), 0.1% adapalene (ADP) and 2% glycolic acid (GA), in terms of their rheological behavior as well as the ability to release their two combined active pharmaceutical ingredients (CLD, ADP) by in vitro diffusion through human heat separated epidermis test. These products differ in composition and the type of semisolid system formed by the approached technique in their preparation: F1-a hydroxypropylmethylcellulose (HPMC) 2.5% gel, F2-a hydroxyethylcellulose (HEC) 3% gel and F3an oil-in-water cream (O/W).
Experimental part Materials and methods
The topical products' preparation: The composition of the three formulations developed in our study is indicated in table 1, the active pharmaceutical ingredients being described in figure 1 and the used excipients in figure 2. The obtaining techniques are shown schematically in figure  3 .
Quality control of the preparations: pH determination: It was conducted potentiometrically with a Consort C831 multiparameter analyser. Rheological analysis: The spreadability of the formulations prepared was determined using a Poso-Ojeda extensometer and drawing the appropriate curves [12] . Consistency assessment was performed using a penetrometer (PNR 12 Petrolab, Germany) equiped with a microcone and a suitable container [13] . The rheological characteristics evaluation of the prepared formulations was carried out using a rheometer Rheotest RV, provided with coaxial cylinders operating with twelve shear rates [14] . All measurements were carried out in triplicate.
In vitro diffusion studies: Transdermal diffusion studies for drug release assessment were performed using static Franz diffusion cells FDC with a diffusion area of 2.833 cm 2 and a volume of 14 mL for the receptor compartment. Abdominal skin samples obtained from surgical interventions performed at the Emergency County Hospital of Tirgu Mures, were used to prepare the epidermis utilized as diffusion membrane. The study was conducted with the University Ethics Committee approval no. 45/ 21.03.2016. Informed consent was obtained from the patients, their identity being masked to the researchers in order to guarantee their anonymity. The epidermis membrane was prepared from the skin samples according with the method proposed by Kligman et al. [15] . The heat separated epidermis was placed over a Spectra/Por dialysis membrane and fitted with the stratum corneum side in contact with the donor compartment. Two types of solutions for the receptor compartment were used: either a mixture of phosphate buffer solution (PBS) 1/15M of pH 7.4 -absolute ethanol 50:50 (v/v) or a mixture of PBS of pH 5.5 -absolute ethanol 50:50 (v/v). This method is in accordance to Wagner H. et al. (2003) , as they demonstrated that the pH of the skin can be shifted in every direction [16] . FDCs mounted in this way were placed in a heating-stirring module at 32±0.5°C and 500 rpm, equilibrated for 1h, after which the air bubbles were removed from the diffusion cells. 1 g of each formulation was applied in the donor compartment of the FDCs, covered with parafilm and aluminium foil in order to ensure the occlusivity. For each formulation were performed 6 replicates. From the receptor compartment samples of 500µL were withdrawn, followed by the replacement with fresh receptor solution. From every cell, samples were collected at 1.5, 3.0, 4.5, 6.0, 7.5 and 9.0h, being then analyzed by HPLC method for CLD and ADP content.
Chromatographic conditions: HPLC solvents and reagents were Merck products of analytical grade. Purified HPLC grade water used throughout this study was prepared using a Milli-Q water purification system (Millipore, Milford, USA). A LaChrom HPLC system (Merck-Hitachi) equipped with a quaternary pump, degasser, column thermostat, autosampler with Peltier system, DAD detector and HSM software, was used for the analysis. The stationary phase was a reversed phase Kinetex C18 column (150 x 4.60 mm) with a particle size of 2.6 µm (Phenomenex). The mobile phase consisted of ortho phosphoric acid 15 mM solution of pH 2.15 (solvent A) and acetonitrile (solvent B). The initial ratio of the two solvents 80:20 (A:B) was applied for 5 min, followed by a ratio of 10:90 from 6 to 14 min. At the end of each run, the gradient was reversed to its initial conditions and the column re-equilibrated for 5 min. The analysis of the samples was carried out at 25°C, with a flow rate of 1.0 mL/min, an injection volume of 20 µL and the monitoring wavelength being set at 210 nm.
Analytical performances of the HPLC method: Were assessed in terms of linearity, precision and accuracy. The linearity of the method was demonstrated by analyzing in triplicate five different concentrations of CLD and ADP. A linear correlation between the areas of the peaks and concentrations and a regression coefficient higher than 0.999 were used as primary performance criterions for linearity. The precision of the method was expressed through the relative standard deviation (RSD%) and the limit of acceptance was set at 0.2% RSD%. The accuracy of the method was expressed by mean recovery for three different standard concentrations, lowest, medium and highest levels, analyzed in triplicate and the acceptance limits were set between 98% and 102%.
Stock solutions: Clindamycin phosphate -a 200 µg · mL -1 stock solution was prepared by dissolving 2.0 mg of CLD in 10 mL PBS pH 7.4. Five working standard solutions of different concentrations were prepared: 20, 140, 160, 180 and 200µg·mL -1 . Adapalenea 20 µg·mL -1 stock solution was prepared by dissolving 2.0 mg of ADP in a mixture of ACN:THF in the ratio 95:5 (v/v), in a volumetric flask of 100 mL. Six working standard solutions with the concentrations 4, 8, 12, 16, 20 and 40 µg·mL -1 were prepared.
Control solutions -were prepared by dissolving 100 mg of CLD, 10 mg of ADP and 200 mg of GA in the receptor solution in a volumetric flask of 10 mL, sonicated for 20 min, then filtered. A volume of 1000 µL of the filtrate was applied in the donor compartment of FDCs (n=3).
Calculation of the in vitro human transepidermal diffusion parameters: The sample concentration was determined from calibration curve plotted as areas of the chromatographic peaks corresponding to CLD and ADP versus the standard's concentrations. Least square linear regression method was applied for the linear model y = b * B + a, where: y is the peak's area, C is the concentration (µg·mL -1 ), b the slope and a the intercept with the y-axis. The data analysis was done by linear regression of the cumulative amounts of permeated drugs versus time.
Statistical analysis: The Software used for graphical and statistical analysis was GraphPad Prism 6. In order to Fig. 3 . Scheme of the three topical products' preparation methods compare the rheological behavior of the prepared formulations, Pearson and one way Anova tests have been used. Differences between CLD and ADP release from the formulation bases at each sampling time were analyzed using Anova test, to compare the mean flow corresponding to the 3 formulations and the control solution. A statistical significant difference was considered for p values lower than 0.05, for a CI of 95%.
Results and discussions
Quality control of the preparations The visual macroscopic characteristics: The obtained hydrogels (F1 and F2) were homogeneous, slightly opalescent because of adapalene, a highly lipophilic drug, which was dispersed in poloxamer 407. The oil-in-water cream (F3) was homogenous and of white colour.
pH measurment: The pH of the three formulas were in the range of 6.41-6.48, namely: 6.48±0.03 (F1), 6.44±0.01 (F2) and 6.41±0.015 (F3), being within the limits required for topical administration.
The rheological behavior under the rotational shear stress: Each of the three recorded flow curves ( fig.4 ) contains the two different parts generated under acceleration (the up curve) followed by deceleration (the down curve) of the shear rate. The down curve falls to the left of the up curve in the all three studied cases, this demonstrating a thixotropic (time depending) rheological behavior. The size of area in the thixotropic loop of the flow curve is the most evident for the product -F3 and very little obvious for F2. The differences between the approximate values of the yield stress (F1 -339 dyn/cm 2 , F2 -569 dyn/ cm 2 , F3 -113 dyn/cm 2 ) demonstrate the plastic characters of the flow, and are also in accordance with the initial appearance of the product. glycol increases the viscosity of hydroxypropyl cellulose 4% gel containing propiconazole nitrate [17] . Comparison of the viscosity rheograms by the one way Anova test showed statistical significant differences in the rheological behavior of the studied products, especially in case of F2 product. Taking into account that both formulations contain propylen glycol 4%, this fact is probably due to the influence of polyvinyl alcohol and/or polyethylene glycol on the hydroxyethylcellulose network spatial conformation.
Plastically deformation capacity under vertical forces exerted by pressing with increasing mass: Both, consistency measured by penetration method (fig.6 ) and the ability of the three studied products to spread on the surface under increasing pressure ( fig.7 ) are largely correlated (≈ 90 -95%) to the size of the weight (mass) acting on the product surface, F1 and F2 being advantageous in this regards. Analytical performances of the HPLC method for clindamycin phosphate and adapalene determination: CLD and ADP analysis was performed by HPLC as it was described in materials and methods. Typical chromatograms for CLD and ADP are shown in figure 8 .
Clindamycin phosphate: The retention time of clindamycin phosphate was 3.8±0.2 min. A linear correlation between the chromatographic areas and concentrations was obtained in the concentration's range of 20 to 200µg·mL -1 corresponding to the mean equation y=1539.1(±20) . x -16117(±873), n=3 replicates, N = 5 levels of concentration, R 2 >0.999. The precision of the method was 1.18% expressed as mean RSD% and accuracy as mean recovery was 99.43% (table 2). The detection limit was 0.84 µg·mL -1 and the quantification limit was 2.80 µg·mL -1 .
Adapalene: The retention time of adapalene was 12.3±0.05 min. A linear correlation between the chromatographic areas and concentrations was obtained in the concentration's range of 4 to 40 µg·mL -1 , corresponding to the mean equation y = 32307 . x + 17224, n=3 replicates, N = 6 levels of concentration, R 2 >0.999. The precision of the method was 3.68% expressed as mean RSD% and accuracy as mean recovery was 101.47% (table 2). The detection limit and the quantification limit for adapalene were 0.03 µg·mL -1 and 0.11 µg·mL -1 , respectively.
Transdermal diffusion parameters for clindamycin phosphate and adapalene: In order to study the influence of the formulation base and the pH on the percutaneous absorption of CLD and ADP, the diffusion of reminded drugs have been studied at two pH conditions, as was described Fig. 8 . Typical chromatograms for clindamycin phosphate and adapalene in materials and methods, the obtained data being presented in table 3 and table 4 .
In figure 9 and figure10, were represented the cumulative amounts of CLD and ADP released into the receptor compartment over a period of 9 hours, for both pH conditions. At both pH of receptor solution, statistically significant greater amounts of CLD than ADP have been released from the vehicle, (table 3 and tabble 4) , with p<0.0001(Anova test). After 9 h of penetration through human epidermis membrane, the cumulative amount of CLD (%) released from the analyzed topical formulations was higher than that released from the control solution (19.69-80.86% and 7.13%, respectively) at pH 7.4. Our results are comparable Singh et al (2014) , they finding a cumulative released amount (%) of clindamycin phosphate from an HPMC 1.3% base of 49.51 ± 1.30% after 6 h of diffusion through a Cellophane membrane, using as receptor phase phosphate buffer pH 7.4. [18] ADP was released in much lower amount than CLD, namely between 3.77-8.44%. At pH 5.5 the cumulative amount of ADP released (%) from the three formulations (1.33-2.33%) was lower than that released from the control solution (9.49%). The small amount of ADP released compared with CLD, could be explained by the fact that only the dissolved drug in the formulation base, presented to the epidermal membrane is able to enter through its horny layer, as this first layer of the skin is considered the most important barrier for the percutaneous diffusion [19] .
In our case, CLD showed a greater penetration than ADP, due to its acceptable in water solubility, in contrast with ADP a highly lipophilic drug, dispersed in our formulations in poloxamer 407 (F1, F2) or in polysorbate 80 (F3), respectively. Regarding the permeability coefficient and lag time, defined as latency time required to reach the steady-state of concentration, an inverse correlation was found, as greater values of k P have been associated with lower lag time values (table 3 and table 4 ). At pH 7.4, a statistically significant difference in cumulative amount of drug permeated was observed between all three analyzed topical formulations (p<0.0001, Anova test). A higher concentration of CLD was released from the gel vehicles (F2-80.86%; F1-59.60%), compared with the oil-in-water cream (F3-19.69%). The situation was similar for ADP permeation. This fact could be explained probably due to the easier migration of the drug through the gel vehicles containing a large amount of water, which allows a greater dissolution of the drug, comparing with the oil-in-water cream. In addition, both gel formulations contain propylen glycol, known as a transdermal penetration enhancer. Yamane and Hadgraft suggested in their researches, the ability of propylen glycol to increase drug's solubility in the vehicle, as well as its capacity to permeate through the skin, altering thus the solubility properties of the tissue and improving the drug partitioning into the membrane in a reversible way [20, 21] .
Propylen glycol is known as an humectant, safe for use in foods, cosmetics and medicines, being environmentally friendly [22] . It has been found as a permeation enhancer for an antifungal gel with 1.5% propiconazole nitrate [17] .
Regarding the adapalene's transepidermal diffusion, Deo et al (2013) , in their study found a higher amount released from a marketed topical gel 0.1% (92.02µg·cm -2 ), than from our formulations (13.31-29.79 µg·cm -2 ), possibly due to a higher concentration of ethanol used in the receptor medium (65%) and also, the diffusion was done through a tuffryn membrane, not human epidermis membrane [23] . Surprisingly, at pH 5.5 a higher amount of CLD has been released from the oil-in-water cream (F3) than the gel vehicles (F1 and F2), most likely due to the possible emollient and occlusive effect of the cream, avoiding thus the moisture to escape through the epidermis surface, being known that the hydration of the horny layer allows an easier passage of drug molecules by the intra-and intercellular channels and pathways [19] .
Conclusions
F2 spreads well under gentle pressure, having a plastic flow under low intensity friction forces. Rheological behavior indicates this product for managing the sensitive and painful to touch skin, having at the same time an astringent potential, showed by the return to baseline of the viscosity and consistency over a period of time approximately equal to that needed for spreading the product on the application surface. F1 and F3 remain fluid a longer period of time after rubbing, behavior that could generate an emolient effect. F1 could be indicated for pressure-and frictionsensitive areas, while F3 may be appropriate for dry and pressure unsensitive areas. Due to their astringent effects and a greater percutaneous permeability of the drugs at pH 7.4, the gel formulations could be appropriate in treating acne lesions in patients with oily skin and unaffected skin barrier function. In contrast, the oil-in-water cream, due to its emolient effect and its higher penetrability at pH 5.5 than gel vehicles, may be indicated for patients with dry and sensitive skin associated with impaired skin barrier function.
Further investigations are needed for the assessment of in vivo penetrability, efficacy and tolerability of these topical formulations, as well as the formulas'optimization in order to improve their physico-chemical characteristics and the diffusion parameters of the drugs.
